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(54) Collection and analysis of signal propagation data in a wireless system 



(57) Wireless systems coverage planning uses 
propagation modeling to provide a prediction of service 
coverage. Accurate and effective wireless systems cov- 
erage analysis requires a measurement of signal 
strength and knowledge of the location corresponding 
to the measurement. Wireless signal strength, RSSI, 
can determined by measuring the signal received by a 
wireless mobile unit from the ceil site antenna or can be 
determined by measuring the signal received by the an- 
tenna from a wireless mobile unit. The received signal 
strength is compared to the origination signal strength 



to determine path loss, RSSI. 

The location of a wireless mobile unit can be deter- 
mined by a number of different methods. The location 
of a mobile wireless unit and the strength of the signal 
received from the mobile wireless unit are utilized to de- 
velop a set of measurement data used to evaluate the 
coverage effectiveness of a wireless system. In addi- 
tion, these measurements facilitate the enhanced deter- 
mination of likely service areas, enhanced scoring 
based upon traffic patterns and the enhanced effective 
correction of system anomalies. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to cellular tele- 
phone systems and to modeling cellular telephone sys- 
tems for optimizing utilization of the available overall ra- 
dio spectrum. More particularly, the present invention 
relates to a reliable performance prediction based upon 
a measurement technique for unobtrusive gathering of 
data about the performance of the cellular system with- 
out interruption of normal operation and for complex 
analysis of the gathered data. The present invention re- 
lies upon wireless mobile unit location, geolocation, 
within a wireless communication system to provide lo- 
cation information and relies upon the measurement of 
the signal received from a number of mobile units by 
one or more sites in the system to provide path loss in- 
formation. The present invention can alternatively rely 
upon the measurement of the strength of the signal re- 
ceived by the mobile unit. The present invention utilizes 
system information combined with geolocation and/or 
signal strength data to determine likely service areas, to 
establish network scoring, to analyize traffic patterns, 
blocked call and dropped call patterns and other net- 
work management functions. 

[0002] The service area of a wireless communications 
system is partitioned into connected service domains 
known as cells, where radio telephone (cellular) users 
communicate, via radio links, with the base station serv- 
ing the cell. The cells can be further partitioned into seg- 
ments and individual antennae. Wireless systems are 
designed to provide the most effective coverage of a 
service area with the most efficient use of system re- 
sources, such as towers and antennae. In order to pro- 
vide effective coverage, antennae tower locations must 
be carefully planned and antennae installations effec- 
tively utilized. 

[0003] In order to allow mobile units to transmit and 
receive telephone communications as the units travel 
over a wide geographic area, each cell is normally phys- 
ically positioned so that its area of coverage is adjacent 
to and overlaps the areas of coverage of a number of 
other cells. When a mobile unit moves from an area cov- 
ered by one base station to an area covered by another 
base station, communications with the mobile unit are 
transferred (handed off) from one base station to anoth- 
er in an area where the coverage from the adjoining cells 
overlaps. Because of this overlapping coverage, the 
channels allotted to the individual cells are carefully se- 
lected so that adjoining cells do not transmit or receive 
on the same channels. Signals from all cell sites in an 
area of overlapping coverage will be received by a mo- 
bile wireless unit. Each cell site will also receive the sig- 
nal from the mobile unit. However, because of the digital 
codes identifying each channel, the mobile wireless unit 
can identify the individual signals from individual cell 
sites. Further, because of the unique identifier associat- 



ed with each mobile unit, the individual cell sites can 
identify the mobile unit associated with a given received 
signal. 

[0004] When planning and establishing a wireless 
5 system, the geographic features of a location are con- 
sidered as well as availability of antenna locations and 
likely areas of use. The systems planners use extensive 
design tools and techniques including practical algo- 
rithms for predicting path loss of signal transmission to 
determine an estimation of the potential coverage of the 
system once implemented. The system is then estab- 
lished with a set antenna pattern which can and will be 
adjusted and augmented as the system matures. 
[0005] After the wireless system is operational, peri- 
odic testing is performed on the system to determine the 
extent and quality of coverage of the antennae in the 
system. The periodic testing and evaluation can be per- 
formed such as described and taught in co-pending ap- 
plications 09/567,709 and 09/09/236,572 incorporated 
herein by reference and in issued patents 5,926,762 and 
5,970,394. Drive testing is a common method for the col- 
lection of path loss data within a wireless system. Drive 
testing collects actual measurements of the signal 
strength from specific towers received at specific loca- 
tions throughout the wireless coverage area. One or 
more mobile receivers are transported throughout a rep- 
resentative portion of the cellular service area. Trans- 
portation is commonly accomplished by mounting the 
receivers in a vehicle and driving a predetermined path 
through the wireless system. The exact location of each 
receiver is monitored by means such as global position- 
ing satellite receivers. The signal strength of wireless 
signals from specific towers in the system is determined 
by the receivers and correlated to the location of the re- 
ceiver at the time of reception. The receivers can be 
tuned to particularfrequencies or digital codes to identify 
the transmitting tower for a particular signal. 
[0006] In order to develop an accurate representation 
of the effective coverage of a wireless system, the col- 
lected data must indicate both signal strength and loca- 
tion. Location of the collected data is determined by 
knowledge of the location of the mobile receiver at the 
time of the signal measurement. In order to optimize the 
coverage of a wireless system, it is necessary to know 
the strength of the coverage at a large number of differ- 
ent locations within the system. An accurate represen- 
tation of the signal coverage can then be projected from 
interpolation of the path loss data, as fully described in 
co-pending application 09/567,709 fully incorporated 
herein by reference. 

[0007] When data collection is obtained through drive 
testing a drive plan is established prior to the collection 
of data. The drive test is a carefully constructed route 
through a wireless system designed to optimize cover- 
age collection and evaluation. In a first implementation 
of the present invention, unlike a drive test, data is col- 
lected from actual use of the wireless system and there- 
fore the collection route cannot be planned. Data on sig- 
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nal strength is collected by measuring the signal 
strength of the wireless connection between actual sub- 
scribers and the cellular sites. Large amounts of data 
may be collected from some portions of the wireless sys- 
tem while sparse data may be collected from other por- 
tions. In an alternative implementation, data is collected 
from system use, however, the data is collected from a 
set of mobile units during a planned drive of the wireless 
system. In this embodiment, the spread of data is 
planned. The analysis of data collected through either 
implementation may be enhanced by the application of 
interpretation techniques applied to smooth the collect- 
ed data and fill in gaps in the data. 
[0008] Several methods for determining the location 
of a wireless unit within a cell system have been devel- 
oped and deployed with varying accuracy and success. 
Wireless location systems can be handset-based in that 
the hand set acquires information about its position ei- 
ther relative to one or more cell sites or through inde- 
pendent positioning means such as a global positioning 
satellite system. The mobile unit makes an internal de- 
termination of its location and provides this information 
to the wireless system. 

[0009] Wireless locations systems can also be net- 
work-based wherein the individual cells of the network 
obtain information about the location of the mobile unit 
relative to the individual cell sites and the network de- 
termines the location of the mobile unit by combining the 
information from the cell sites to triangulate the location 
of the mobile unit. For example, the difference in the time 
of arrival of the signal at each cell site or the difference 
in the phase angle of arrival at each cell site can be used 
to determine position. 

[0010] Geolocation has found widespread application 
in the field of E-911 and E-411 services offered to cellu- 
lar communication systems and subscribers. Examples 
of the application of geolocation of mobile wireless units 
can be found in the devices of True Position, Grayson 
Wireless Geometrix, SigmaOne, U.S. Wireless, CellLoc 
and others. The paper Time Difference of Arrival Tech- 
nology for Locating Narrowband Cellular Signals www. 
trueposition.com/TDOA_Overview.htm, provides a 
technical explanation of the aspects of geolocation im- 
plementation. 

SUMMARY OF THE INVENTION 

[0011] The present invention can significantly reduce 
and or eliminate the need to perform drive testing. The 
present invention gathers location specific signal 
strength data by detecting the strength of signals re- 
ceived from mobile units and by using one or more meth- 
ods for determination of the location of the wireless mo- 
bile unit to determine the geographic location corre- 
sponding to the signal strength. The mobile units are 
standard mobile devices, such as cellular phones oper- 
ated by common system subscribers. However, special- 
ized test units can be used as the mobile unit in the 



present invention. Instead of drive testing and using mo- 
bile signal data collection equipment, as described 
above, the system of the present invention collects data 
at the antenna sites. The received signal strength from 

5 a plurality of mobile units is collected at the antenna. 
The location of each mobile unit is determined by one 
of the location techniques described above. The system 
then uses signal strength information to determine path 
loss information on the uplink signal and location infor- 

10 mation to create a database of reference points from 
which the system coverage quality can be determined 
as described below or in any other number of methods. 
[0012] In order to accurately determine path loss, the 
uplink signal strength is measured at a point when the 

15 transmission power level is known. Transmission power 
level of mobile units can change over time as a result of 
negotiations with the cell sites in order to reduce inter- 
ference with the transmissions from other mobile units 
in proximity and to optimize transmission power. If the 

20 transmit power level of the mobile unit is unknown, an 
accurate determination of the uplink path loss is not 
available through implementation of a standard formula. 
In the event that transmit power is unknown, use of an 
analytical model is necessary to determine path loss. 

25 [0013] The present invention teaches collecting sig- 
nal strength (path loss) data from operating cellular tel- 
ephones within the system while simultaneously deter- 
mining the location of the mobile wireless unit within the 
system. This provides the same linked data needed to 

30 determine system wide propagation form drive testing. 
The system determines path loss from a combination of 
the known mobile unit antenna power and the cellular 
unit power measured at the cell site antenna. In addition, 
the precise location of the cellular unit at the time of 

35 measurement is required. Accurate path loss informa- 
tion correlated to accurate geolocation is critical when 
optimizing the RF portion of a wireless network. 
[0014] Examples of handset-based wireless location 
systems include enhanced global positioning systems 

40 and enhanced observed time difference also referred to 
as estimated time of departure. With enhanced global 
positioning systems, the mobile unit includes a GPS re- 
ceiver which determines the location of the mobile unit 
and transmits the information back to the network, en- 

45 coded into the network traffic. In enhanced time of de- 
parture, the mobile unit determines the time period for 
travel of a signal from one or more cell towers to the 
mobile unit. By determining the time of travel, the mobile 
unit can estimate its distance form one or more cell sites 

50 and triangulate its location. 

[0015] Examples of network-based wireless location 
systems include estimated time of arrival angle of arriv- 
al. Each of these methods rely on assumed propagation 
models to determine distance based upon the time 

55 traveled by a cellular signal between a cell site and a 
mobile unit. 

[0016] One geolocation systems is described in U.S. 
Patent 5,327,144. This patent teaches a cellular tele- 
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phone location system for automatically recording the 
location of one or more mobile cellular telephones using 
three or more cell sites. This patent relies upon a meas- 
urement at a number of cell sites of the different arrival 
times of a signal from a wireless mobile unit. Other rep- 
resentative systems include U.S. 6,01 1 ,974 which relies 
upon the calculation of the time of a round-trip to deter- 
mine the distance between a mobile unit and a base site 
using the apparent uplink and down link signal propa- 
gation times. 

[0017] Patents 6,006,096 and 6,052,598 teach that 
the difference in power levels of an uplink signal from a 
mobile unit received at a number of cell sites can be 
used to determine location through triangulation. 
[0018] The collection of data from mobile units in use 
in the system can significantly reduce or eliminate the 
need for drive testing by performing system analysis 
based upon the enhanced collection of data already ex- 
isting within the system. Uplink or downlink path loss da- 
ta can be used to model a system. While drive testing 
relies upon the collection of downlink data, the present 
invention can use either downlink or uplink data depend- 
ing on configuration. The ease of collection of data al- 
lows for implementation of updated data collection with 
minimal planning. Because data can be updated in real 
time as the system is in use, the implementation of the 
present invention can allow for dynamic optimization of 
the wireless system. Dynamic optimization can address 
system propagation issue on a wider range of scales 
than system wide periodic optimization. 
[0019] The implementation of the present invention 
requires the collection of the necessary information from 
the wireless system during use. The collection of uplink 
receive signal strength from a number of mobile units at 
individual sites and or antennae is necessary as well as 
the ability to determine the geographic location of each 
mobile units which can be accomplished through recep- 
tion at a number of sites in order to determine location 
of the mobile unit. Because the signal is received at a 
number of separated sites from the same mobile loca- 
tion, collection and interpretation of the relative signal 
strengths will enhance the data base and provide great- 
er texture to the resultant wireless service quality anal- 
ysis. 

[0020] Once path loss and geographic location have 
been determined, the evaluation of the performance of 
the cellular system can be accomplished using any of a 
number of interpretation techniques, including the ge- 
ostatistical techniques taught in co-pending patent ap- 
plication 09/567,709 incorporated herein by reference. 
[0021] These and other features of the invention will 
be better understood by reference to the detailed de- 
scription which follows taken together with the drawings 
in which like elements are referred to by like designa- 
tions throughout the several views. 
[0022] The performance, in terms of service evalua- 
tion quality, is the goal of the collection and analysis 
taught herein. The collection of RF propagation data and 



corresponding location within a wireless system is used 
to determine performance quality by the analysis of the 
collected data. The analysis can be used to aid in eval- 
uation of the system, to determine cell placement and 
5 channel distribution and to evaluate sector interference. 
Performance is also directly related to call capacity with- 
in a wireless system, improved performance allows for 
increased call capacity. 

[0023] The goal of collecting measured data is to ob- 
tain as complete a set of measurements at each location 
as practicable. Complete means that a measurement 
was achieved for each sector, or it was determined that 
a sector is below a signal level where either RSSI or 
geolocation can be detected. 

[0024] In wireless system planning, certain assump- 
tions are made with regard to the likely service area or 
the likely service cell site for a particular location within 
the wireless system. The estimation of likely service ar- 
ea is made based upon the assumption of RF propaga- 
tion within the geographic features of the wireless sys- 
tem. When planning for drive testing of a wireless sys- 
tem, the receiver apparatus in the drive test vehicles is 
configured to receive and evaluate signals correspond- 
ing to the predetermined likely service areas and net- 
work performance evaluation may be made based upon 
this predetermined likely service area prediction. If the 
location is actually serviced better by a different site, the 
evaluation of service will be inaccurate. With the collec- 
tion method of the present invention, where system per- 
formance and evaluation is based upon the analysis of 
collected actual use data, the predetermination of likely 
service area does not effect the data because the data 
collected is from actual service area based upon actual 
connected mobile units. The use of the present inven- 
tion which combines geolocation with service data, al- 
lows for the determination of measured likely service ar- 
eas from which can be derived likely service area pre- 
dictions and likely service area determinations with a 
greater degree of accuracy. 

[0025] Further, the data set established by the present 
invention can be utilized to reassess likely service area 
designations and to redefine likely service areas based 
upon the analysis of the collected data. The collected 
and correlated data can also be used to evaluate traffic 
usage of the system as well as geographic traffic pat- 
terns of the mobile units traveling within the system. The 
resultant traffic and usage patterns can be used in the 
system analysis and performance enhancement tech- 
niques of the above mentioned co-pending patent ap- 
plications to improve interference scoring and wireless 
network system reallocation of resources. 
[0026] System performance evaluation can also in- 
clude the collection of drop call and blocked call data by 
the wireless system. The data is commonly collected as 
a total number of dropped and blocked calls which can 
only be used by the system to a limited degree for sys- 
tem assessment. Effective remediation can be en- 
hanced by implementation of the present invention to 
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determine the location of the dropped and/or blocked 
mobile unit. The combination of drop call and blocked 
call identification with geolocation data allows for the 
identification of common areas of dropped and/or 
blocked calls. Once the area of occurrence is identified, 
cause may be more readily ascertained and a solution 
more effectively implemented. The present invention 
can also be used to identify the geographic area of other 
system occurrences. The cause of a system difficulty 
made be more easily identified and addressed when the 
geographic location of common occurrences of a spe- 
cific anomaly is identified. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] 

Figure 1 is an exemplary map of an exemplary wire- 
- less sytem illustrating the location of six cell sites. 
Figure 2 is an exemplary drive map plan for evalu- 
ation of the wirelss system of Figure 1 . 
Figure 3 illustrates a plurality of exemplary wirless 
unit within the wireless system of Figure 1 . 
Figure 4 illustrates one technique for geolocation of 
an exemplary mobile unit in the exemplary wireless 
system of Figure 1 . 

Figure 5 is a logical flow diagram illustrating the col- 
lection of data for evaluation of a wireless sytem 
performance. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

[0028] Figure 1 illustrates an exemplary street map of 
an exemplary portion of an exemplary cellular system. 
The map of Figures 1 illustrates the location of a plurality 
of exemplary cell sites with base stations 13. Each site 
may be further divided into a number of segments by 
use of directional antennae. The sites could be divided 
into any number of segments including a single segment 
per cell site, three segments per cell site is common. 
The system may have additional cells (not illustrated) 
which overlap to provide effective coverage in the region 
of the cellular system illustrated in Figure 1 , four sites 
are illustrated for an exemplary embodiment of the 
present invention. 

[0029] Figure 2 illustrates an exemplary drive test 
route plan 15 overlayed on the cellular system illustrated 
in Figure 1 for the system of cell sites 13. The drive plan 
15 is a carefully determined route which will provide 
maximum efficient coverage of the cellular system. The 
drive plan 15 is established by evaluation of the distri- 
bution of the antennae 1 3 of the cellular system and 
through an analysis of the geographical features of the 
area of the cellular system. The drive test plan may re- 
semble the exemplary test plan 1 5 or may be more or 
less extensive dependant upon the determination of the 
test planner. Typically, a drive test is performed to ac- 



8 

quires path loss data corresponding to specific geo- 
graphic locations within the wireless system. 
[0030] As detailed in copending applications, a vehi- 
cle equipped with appropriate cellular signal receiving 
5 and measuring equipment is driven through the cellular 
system in accordance with the drive test plan map to 
collect actual signal reception data. A statistically signif- 
icant number of measurements are taken throughout 
the cellular system to determine the relative signal 
10 strength between each base station 13 and each test 
location of the mobile unit. The path loss of the signal is 
measured in dB. As the strength of the received signal 
decreases, it has a greater path loss or signal loss which 
is recorded as a greater positive dB number. 
[0031 ] The present invention does not rely upon drive 
testing for the collection of path loss data. As illustrated 
in Figure 3, during normal operation of the wireless sys- 
tem, a plurality of mobile units 17 (eg. cellular tele- 
phones) are operated throughout the system. The an- 
tennae on towers 13 are in communication with the mo- 
bile units 17 as they move throughout the wireless sys- 
tem. The signal strength RSSI of the uplink signal from 
each mobile unit 17 is detected by each of the cell sites 
13 in communication with the mobile unit 17. The RSSI 
value is utilized by the wireless system to make deter- 
minations for transmission, reception, hand-off, call ini- 
tiation and other wireless network factors. The RSSI can 
also be used to determine if the wireless network should 
exercise control over any of the transmit functions of the 
wireless unit 17, such as transmit power, through a con- 
trol channel function. 

[0032] The present invention, as more fully detailed 
in Figure 5, makes further use of the RSSI information 
in evaluating system performance. Wireless systems 
utilize RSSI in relation to the individual mobile unit to 
adjust the units interaction with the wireless system, the 
present invention teaches retaining the RSSI informa- 
tion of mobile units and correlating that information with 
the geographic location of the mobile unit to gather in- 
formation about the performance of the overall wireless 
system. 

[0033] As described above, there are a number of 
methods for determination of the geographic location of 
a mobile unit in a wireless system. An exemplary meth- 
od is described below with reference to Figure 4. As il- 
lustrated in Figure 4, the wireless network can deter- 
mine the location of a mobile unit 17 or 19 through tri- 
angulation of that unit with reference to one or more tow- 
ers in the wireless system. The process of location de- 
termination is referred to as geolocation. The signal from 
mobile unit 17 will be received by towers T1 , T2 and T3. 
The signal will be received first by the closest tower T2, 
next by tower T1 and last by tower T3. The wireless sys- 
tem will determine the difference in the arrival time at 
each of the towers and determine the relative distance 
of the mobile unit 17 from each tower. The wireless sys- 
tem can apply the determined relative distances to tri- 
angulate the location of the mobile unit 17. The same 
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procedure can be performed for hand held mobile units 
19. 

[0034] In order to make an accurate determination of 
geolocation, the uplink signal must be accurately meas- 
ured and processed and the transmit power of the mo- 
bile unit must be known. Many factors relating to the ac- 
curate determination of geolocation are found in the pri- 
or art and discussed in the references cited above. 
[0035] In order to implement the present invention, as 
illustrated in Figure 5, the information obtained from RS- 
Sl measurements and the geolocation data must be cor- 
related and maintained. In one embodiment, the system 
maintains a reference time which is applied consistently 
between the RSSI measurement aspects of the wireless 
system and the geolocation of the wireless system. As 
the signal strength received form mobile units is detect- 
ed, the system notes the time of detection of the signal, 
the strength of the signal at the time of detection and 
the identity of the transmitting mobile unit. As geoloca- 
tion data is collected, the system notes the time of col- 
lection, the location and identity of the mobile unit. The 
data is time stamped relative to a common reference 
time so that the geographic location corresponding to a 
signal strength measurement can be identified. Corre- 
lation of the two data sets requires a common reference 
time, the real time of collection is not necessary for im- 
plementation of the present invention, however, real 
time collection data can be maintained for other system 
evaluations such as traffic usage patterns correspond- 
ing to diurnal variations. 

[0036] The geolocation data and signal strength data 
is compared. The comparison identifies sets of data 
which correspond to the same mobile unit and deter- 
mines if any geolocation data has a time stamp in close 
proximity to the collection of signal strength data relating 
to the same mobile unit. In order to develop a data set 
of signal strength correlated to geographic location, the 
data must be matched for mobile unit identity and time 
proximity. Depending on the parameters of the imple- 
mentation of the present invention, the time proximity 
will have an acceptable range. This range can be deter- 
mined based upon the average velocity of mobile units 
within the system, the resolution of the geolocation tech- 
nique utilized and the location resolution desired by the 
system performance evaluation. 
[0037] In an alternative embodiment, if the path loss 
data and geolocation data are collected in a common 
data base in real time, by a system capable of matching 
the data in real time, as it is collected, it may not be nec- 
essary to time stamp the data. With real time data 
matching, only data arriving in close time proximity and 
attributable to a common mobile unit will be matched to 
provide signal strength for a given geographic location. 
[0038] Once data sets of corresponding geolocation 
and power have been identified, the system creates a 
data set of points providing path loss data for specific 
locations within the wireless system. This data is then 
processed and analyzed to determine system RF prop- 



10 

agation performance. 

[0039] The data set provided by collection of power 
levels correlated to geolocation of mobile units within 
the wireless system will provide data points based upon 

5 actual system usage. This data collection set has the 
advantage that a large number of data points will be ac- 
quired and the distribution of data points will be highly 
correlated to the actual system usage patterns. Howev- 
er, unlike drive testing where the coverage of the phys- 

10 jcal area of the system is planned, the collection of data 
from actual usage is limited to mobile units which can 
be geolocated within the system. This collection of data, 
like drive testing, may not cover all of the area of a cel- 
lular system. 

15 [0040] Because cellular planning decisions including 
site location and channel interference is currently deter- 
mined based upon this imperfect data set, a reliable and 
robust method for interpretation of the data set must be 
used. Co-pending application 09/567,709 teaches a 

20 techniques to be applied to test results to make the best 
determination from available data to estimate needed 
parameters. Because the distribution of RF signal and 
channel allocation is complex, even a large data set may 
not prove sufficient to resolve accurately the actual dis- 

25 tribution properties that determine the cellular service 
quality performance. It is important that an analysis of 
the data collected be performed to fill in the gaps in a 
manner which is both accurate and robust. The algo- 
rithm for resolving the data into a complete usable data 

30 set must also account for the error estimate of particular 
elements of the data set. 

[0041] Geostatistical analysis techniques offer a way 
of describing the spatial continuity that is an essential 
feature of many natural phenomenon and provide ad- 

35 aptations of classical regression techniques to take ad- 
vantage of this continuity. In geostatistics, the applica- 
tion of highly developed algorithms modified to the pa- 
rameters of the provision of cellular service, as taught 
in the co-pending application yields significantly en- 

40 hanced results over other data smoothing techniques. 
[0042] Although the present invention has been de- 
scribed in terms of preferred embodiments, it will be ap- 
preciated that various modifications and alterations, 
might be made by those skilled in the art without depart- 

45 jng from the spirit and scope of the invention . The above- 
described exemplary embodiments are therefore in- 
tended to be illustrative, rather than restrictive, of the 
present invention. Thus the present invention is capable 
of many variations in detailed implementation that can 

50 be derived from the description contained herein. All 
such variations and modifications are considered to be 
within the scope and spirit of the present invention as 
defined by the following claims. 



1. A method for collecting and processing received 
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signal level data and geolocation data over a wire- 
less system, comprising the steps of: 

gathering signal strength data corresponding to 
mobile units; 

gathering geolocation location data corre- 
sponding to mobile units; 
correlating said gathered signal strength data 
with said gathered geolocation data to identify 
data pairs correlating a measured signal 
strength at a known geolocation; 
generating a set of data pairs correlating meas- 
ured signal strength values to specific geo- 
graphic locations throughout said wireless sys- 
tem. 

2. The method of claim 1 , wherein: 

said signal strength data is collected by meas- 
uring the signal strength of a signal received by a 
cell site, from a mobile wireless unit. 

3. The method of claim 1 , wherein: 

said signal strength data is collected by meas- 
uring the signal strength of a signal received by a 
wireless mobile unit, from a cell site. 

4. The method of Claim 1 , wherein: 

said geographic location data is determined 
by triangulation of said mobile unit with respect to 
a plurality of stationary cell site antennae. 

5. The method of Clajm 1, wherein: 

said geographic location data is determined 
with reference to a set of global positioning satel- 
lites. 

6. The method of Claim 1 , wherein: 

said correlation includes identification of gath- 
ered geolocation data and gathered signal 
strength data corresponding to the same mo- 
bile unit; and 

establishing the temporal correlation of said 
identified data to identify data pairs within suf- 
ficiently close temporal proximity to establish 
correlation of a measured signal strength with 
a measured geolocation. 

7. The method of Claim 1 , where: 

said signal strength and said geolocation are 
gathered in real-time at a common data receiv- 
er; and 

said correlation includes matching said geolo- 
cation data with said signal strength data of a 
mobile unit based upon the receipt of data cor- 
responding to the same mobile unit. 



8. The method of Claim 1 , further comprising the step 
of: 

analyzing said set of data pairs to evaluate the 
5 effective RF propagation within said wireless 

system. 

9. The method of Claim 1 , further comprising the steps 
of: 

10 

identifying the cell site which gathered each 
signal strength data measurement correspond- 
ing to each geolocation within the wireless sys- 
tem; and 

15 determining the identified cell site likely to re- 

ceive a signal from a mobile unit at each iden- 
tified geolocation within said wireless system. 

-10. The method of Claim 9, further comprising the step — 
20 of: 

redefining the projected distribution of likely 
server cell sites within said wireless system 
based upon the determination of identified like- 
25 iy cell sites. 

1 1 . The method of Claim 1 , further comprising the steps 
of: 

30 gathering drop call incident data from said sys- 

tem; and 

identifying the geolocation corresponding to 
said dropped call incidents. 

35 12. The method of Claim 1 1 , further comprising the step 
of: 

generating a set of data points correlating drop 
call incidents with geolocation of occurrence. 

40 

1 3. The method of Claim 1 2, further comprising the step 
of: 

analyzing said drop call geolocation data set to 
45 determine an effective implementation for ad- 

dressing dropped calls. 

14. The method of Claim 1, further comprising the steps 
of: 

50 

gathering blocked call incident data from said 
system; and 

identifying the geolocation corresponding to 
said blocked call incidents. 

55 

1 5. The method of Claim 14, further comprising the step 
of: 
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generating a set of data points correlating 
blocked call incidents with geolocation of occur- 
rence. 

16. The method of Claim 15, further comprising the step 5 
of: 

analyzing said blocked call geolocation data set 
to determine an effective implementation for 
addressing blocked calls. 10 

17. A method for collecting and processing received 
signal level data and geolocation data over a wire- 
less system, comprising the steps of: 

15 

gathering signal strength data corresponding to 
identified mobile units; 

gathering geolocation data corresponding to 
identified mobile units; 

time stamping said gathered signal strength da- 20 
ta and said gathered geolocation data with ref- 
erence to a common reference time; 
identifying geolocation data and signal strength 
data corresponding to a common identified mo- 
bile unit and gathered within a predetermined 25 
time proximity to identify the geolocation of a 
mobile unit and the specific signal strength 
gathered from said mobile unit at said identified 
geolocation; and 

generating a set of data correlating signal 30 
strength values to geographic locations with in 
said wireless system. 

18. Apparatus for collecting and processing received 
signal level data and geolocation data over a wire- 35 
less system, comprising: 

RF signal measurement equipment for receiv- 
ing signal strength data corresponding to mo- 
bile units; 40 
geolocation equipment for determining geolo- 
cation data corresponding to mobile units; 
a reference time generator for time stamping 
the gathered signal strength data and the gath- 
ered geolocation data with reference to a com- 45 
mon reference time; 

storage for combining said signal strength data 
and said geolocation data; 
a processor for identifying signal strength data 
elements corresponding to geolocation data el- so 
ements, for generating a set of data pairs cor- 
relating signal strength values to geographic lo- 
cations with in said wireless system. 

55 
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